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INTRODUCTION

In 1982 and 1983 the USGS conducted seismic refraction 
surveys between Morro Bay, California, and the Sierra Nevada 
foothills (figure 1). These surveys were designed to study the 
San Andreas fault zone, the boundary between the Coast Ranges 
and the San Joaquin Valley (including the Coast Range thrust), 
and the structure of the basement beneath the San Joaquin 
Valley.

Two seismic refraction profiles were recorded in July of 
1982. The first extended from the San Andreas Fault eastward 
across the San Joaquin Valley to the Sierra Nevada foothills 
(plate 1). The second profile extended northeasterly from 
Morro Bay to the Kettleman Hills, crossing the Nacimiento and 
Rinconada faults, the Salinian block, and the San Andreas fault 
(plate 2). Because the station spacing for these profiles was 
too large to resolve the complex lateral changes in velocity 
which occur between the Kettlemen Hills and the San Joaquin 
Valley, the first profile was reoccupied between the Cholame 
Valley and the San Joaquin Valley in June of 1983 (plate 3). 
Altogether, nine shots were fired (table 1).

This report is a compilation of the data obtained from both 
the 1982 and the 1983 surveys. Interpretations of these data 
will be published separately.

DESCRIPTION OF THE SURVEY

The locations and elevations of instruments and shot points 
were determined using USGS 1:24,000 topographic maps (appendix 
A). These locations are accurate to within 50 ft. All three 
separate instrument deployments are shown in figure 1 (each 
deployment lies between two numbers marking the deployment 
profile). During the first deployment, four shots (at SP 4, SP 
5, SP 6, and SP7) were recorded by one hundred instruments 
placed along a 140 km long east-west line from the San Andreas 
fault to the foothills of the Sierra Nevada (plate 1). During 
the second deployment, four shots (at SP 1,SP 2, SP 3, and SP 
4)were recorded by ninety-three instruments located along a 110 
km long northeast-trending line between Morro Bay and the 
Kettleman hills (plate 2). For the third deployment, a single 
shot (at SP 8) was recorded by one hundred twenty stations 
placed along a 75 km long line which extended from the San 
Andreas fault near Cholame and ended in the San Joaquin Valley 
east of Interstate Highway 5 (plate 3).
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The shot hoJLes were 20 cm in diameter and ranged in depth 
from 20 m to .46 m (table 2). They were filled with an ammonium 
nitrate explosive which was detonated by electric caps. The 
cap signal and two time code signals , WWVB and IRIG E, were 
recorded on paper strip-chart records, as described by Healy et 
al.,(1982). With the exception of shot 3, the shots were fired 
automatically and the origin times were read from the cap break 
on the paper record. The reported shot times are accurate to 
within + 2 milliseconds, assuming that the explosives detonated 
at the exact time of the cap break. Shot 3 was fired manually 
due to a shooting system malfunction, and because the paper 
shot record was not recoverable, the origin time for this shot 
was calculated using the arrival time at the station closest to 
the shot point (46 m from the shotpoint). A surficial velocity 
of 2.0 km/sec was assumed. We estimate that the time of this 
shot is only accurate to within 10 milliseconds.

INSTRUMENTATION AND DATA REDUCTION

Seismic Recorders

The instruments used in the seismic refraction surveys have 
been described by Healy et al.(1982), (figure 2). Each 
instrument contains a 2-Hz vertical-component geophone, and the 
signal from this geophone passes through three parallel 
amplifiers. The gain for each amplifier is set manually with 
switches. The three seismic signals plus an internally 
generated time code (IRIG E), a radio received time code 
(WWVB), and a fixed reference frequency are recorded as a 
multiplexed signal on anolog cassette tape. The units contain 
a memory board which allows data to be recorded during ten 
predetermined time windows. Prior to recording the seismic 
data, the instrument records a geophone pulse, an amplification 
step, and 10 Hz sine wave calibration signals at 1, 10, 100, 
1000 mv. The displacement frequency response curve for the 
system peaks at about 20 Hz (figure 3).

Field technicians synchronize the clock unit of each 
instrument with a USGS master reference clock (Healy et 
al.,1982) which drifts approximately one millisecond per week. 
After the shots have been recorded the clock units of each 
instrument are compared to the master reference clock to obtain 
recorder clock drift corrections at shot time.
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Data reduction

Information pertaining to the operation of each instrument 
was entered on team data sheets (appendix C). Attenuation 
settings of every instrument have been checked against the 
calibration signals. Where calibration signals indicated a 
different dB setting than listed on the field sheets, the 
correct settings were calculated and entered into the 
computer. After checking for errors in clock drift and site 
locations, the analog data were digitized for 20 seconds, 
starting (X/6 - 2) seconds prior to shot time (where X is the 
shot point to recorder distance in km). The sampling rate was 
200 samples per second. In order to make the record sections 
(plates 4-13) easier to analyze, a few traces were deleted in 
areas where stations were close together or where a noisy trace 
obscured surrounding data. Where a seismogram has been 
omitted, the reason is indicated by a tape grade code number 
which is listed on the team data sheets.

First arrival times relative to shot time were determined 
for each shot (appendix B). The arrival times were picked from 
record sections plotted with a reduction velocity of 6.0 km per 
second, and absolute arrival times were subsequently calculated 
from the reduced times.

Data Quality

Assuming that the instrument is operating correctly, the 
strength of the signal at any reciever is related to geometric 
effects and geological structure along the ray path, and shot 
hole factors. It is beyond the scope of this report to discuss 
the geometric effects or the geology along the ray path. These 
subjects are addressed in reports which contain analysis of the 
data.

Shot hole depths and conditions (wet or dry) are listed in 
table 2 and the amount of explosives in pounds is given in 
table 1. The same explosives were used in all shot holes for 
this experiment, thus eliminating variations in source strength 
due to variable mixtures of explosives. However, the 3000 Ibs 
shots at shot points 7 and 4 (shots 1 and 5 respectively) 
produced weaker signals than the 2000 Ibs shots at the other 
shot points. This may be due to partial detonation of the 3000 
Ibs shots caused by a phenomenon known as 'dead pressing 1 , 
whereby explosives under higher confining pressure only 
partially detonate. Since the 3000 Ibs shots were loaded into 
single drill holes it is possible that the extra 1000 Ibs of 
explosive raised the pressure sufficiently to cause 'dead 
pressing'. Weak signals due to poor energy coupling at the 
shot point can not be the explanation, as two shots were fired



at shot point 4 (shots 3 and 5), and the 2000 Ibs charge 
produced stronger seismic signals than the 3000 Ibs charge. 
The shot fired into the 1983 profile (shot 9) also produced 
weak signals. However, because there was a substantial amount 
of mud in the hole, poor detonation was probably caused by mud 
mixed with the explosives.

In general the data collected from the first deployment 
(San Andreas fault to the Sierra Nevada) have a low background 
noise level. The data collected from the second deployment 
(Morro Bay to the Kettleman Hills) have high background noise. 
Although the background noise level was low for most areas of 
the third deployment (San Andreas fault to the San Joaquin 
Valley), poor energy coupling at the shot point resulted in 
lower signal to noise ratio than for the other two 
deployments. No energy from the shot was detected in the area 
of Interstate Highway 5. As a result, the data from this area 
were omitted from the record sections.

TABLE 2

SHOT HOLE DATA

SHOT DEPTH
POINT SHOT CONDITION (m)

1 7 WET 2 - 21.3
2 6 DRY 2 - 24.4
3 8 WET 39.6
4 3 WET 39.6
4 5 WET 64.0
5 2 WET 39.6
6 4 WET 39.6
7 1 WET 39.6
8 9 WET 54.9



RECORD SECTIONS

For each shot a normalized record section with a maximum 
peak-to-peak amplitude of .76 cm is presented (plates 4-13). 
True amplitude record sections are presented for shots 2-9 
(plates 5-12), and for shots 6 and 7,(plates 9 and 10), 1-15 Hz 
bandpass filtered normalized and true amplitude record sections 
are also presented.

On the true amplitude record sections, the width of each 
trace is proportional to the actual ground motion. Adjustments 
were made for instrument gain, distance from the shot point, 
and shot energy. Thus, the true amplitude A(t) is computed 
from the observed amplitude Ao (t) by

A(t) = A 0 (t)f a f d f s

where f a , f^, and f s are multiplicative factors adjusting
for the instrument amplifier gain, distance from the shot, and
shot energy, respectively.

The multiplication factor for instrument amplification is:

f a = 10(A/20)

where A is the attenuation setting in decibels for each trace. 
The attenuation setting for each instrument is listed above the 
trace on the true amplitude record sections.

The formula used to determine the multiplication factor for 
distance is:

f d - X B
T3TT

where X is the shotpoint to recording station distance in km 
and 'B 1 is a constant chosen for each shot to account for 
geometric spreading (table 3).

The shot energy factor, f s , is a scalar multiplier that 
is applied to all traces for a particular shot to provide the 
best display of energy on a true amplitude record section 
(table 3). The energy factor is inversely proportional to the 
shot signal strength.
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TABLE 3 

SCALING FACTORS FOR TRUE AMPLITUDE PLOTS

EFFICIENCY
SHOT EXPONENT FACTOR

2 2 .02
3 1 .005
4 2 .05
5 2 1.0
6 1.5 .05
72 .2
82 .3
9 2 .5
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APPENDIX A 

SEISMIC RECORDER LOCATIONS
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APPENDIX B

FIRST ARRIVAL TIMES

Each shot is listed in distance order (shot point to recorder 
station distance in km). Negative distances are west of the 
shot point. DISTANCE is in kilometers; TIME is in seconds; and 
AZIMUTH is in degrees.
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APPENDIX C

TEAM DATA SHEETS

The data sheets contain all the information related to the 
performance of the seismic recorders. The recorders are grouped 
into five teams of twenty instruments for shots 1-8 and six 
teams of twenty instruments for shot 9. Each set of teams is 
then listed in shot order. The column headings are as follows:

LOG - location from the seismic recorder
location file

DIST (KM) - distance from the shot point to the
recorder location in kilometers

AZIM (DEC) - azimuth clockwize north from the
shotpoint to the recorder location

UNIT - I. D. number of the recording unit

CHRON - chronometer correction in milli 
seconds for the recorder at shot time 
(calculated from the total drift 
assuming a linear drift rate)

CHAN - channel number (1, 2, or 3) which 
was digitized

Cl C2 C3 - attenuation settings (dB) for
channels 1, 2, and 3

TAPE GRADE - number used to code the instrument
performance, the data quality, and/or 
the reason for omitting the trace 
from a record section
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DIRECTORY OF TAPE GRADE CODES

0 - Digitized

1 - Tape did not run

3 - Skipped record time

6 - Weak signal; Low record level; 
Cannot read time code translator

12 - Random noise

13 - Bad clock

16 - Incomplete record; recorder stopped

17 - Bad time code

20 - Not deployed

21 - Geophone disconnected or shorted 

25 - Bad geophone test

28 - Unit damaged

29 - Wrong time

30 - Digitized without calibrations

31 - amplifier out of balance

32 - No seismic arrival

33 - Trace deleted from record section; 
Deployed off line

34 - Trace deleted from record section; 
Overlapping traces

35 - Clipped record
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